EP 1 925 374 B1

(19)

(12)

(45)

(21)

(22)

Patent Office

des vy (11) EP 1925 374 B1

Europdisches
Patentamt
0’ European

EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: B21D 5/02 (2006.01) B21D 37/00 (2006.07)
21.05.2014 Bulletin 2014/21 B21D 37/04 (20051 GO05B 19/4065 (2952
Application number: 06747304.1 (86) International application number:
PCT/JP2006/312075
Date of filing: 09.06.2006

(87) International publication number:
WO 2006/135030 (21.12.2006 Gazette 2006/51)

(54)

BENDING DEVICE AND METHOD FOR MANAGING DIE, METHOD FOR ARRANGING DIE AND
METHOD FOR SELECTING DIE STOCKER

BIEGEVORRICHTUNG UND VERFAHREN ZUR VERWALTUNG EINES GESENKS, VERFAHREN
ZUR ANORDNUNG EINES GESENKS UND VERFAHREN ZUM WAHLEN EINES
GESENKMAGAZINS

DISPOSITIF DE PLIAGE ET PROCEDE PERMETTANT DE GERER LA MATRICE, PROCEDE
PERMETTANT DE DISPOSER LA MATRICE ET PROCEDE PERMETTANT DE SELECTIONNER L
ELEMENT DE STOCKAGE DE LA MATRICE

(84)

(30)

(43)

(73)

(72)

Designated Contracting States: * FUTAMI, Fujihiko

DEFRGBIT c/o Amada Co., Ltd.
Kanagawa 259-1196 (JP)

Priority: 15.06.2005 JP 2005175300 ¢ SATO, Masaaki

15.06.2005 JP 2005175567 c/o Amada Co., Ltd.

Kanagawa 259-1196 (JP)

Date of publication of application:

28.05.2008 Bulletin 2008/22 (74) Representative: Hering, Hartmut
Patentanwalte

Proprietor: Amada Co., Ltd. Berendt, Leyh & Hering

Isehara-shi, Kanagawa 259-1196 (JP) Innere Wiener Strasse 20
81667 Miinchen (DE)

Inventors:

AKAMI, Ichio (56) References cited:

c/o Amada Co., Ltd. WO-A1-00/41824  JP-A- 01 309 726

Kanagawa 259-1196 (JP) JP-A- 61 099 529

UMEMOTO, Taketoshi
c/o Amada Co., Ltd.
Kanagawa 259-1196 (JP)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1925 374 B1 2

Description
Technical Field

[0001] The present invention relates to a bending ap-
paratus according to the preamble of claims 1, 2 and 4.
Such an apparatus is for example disclosed in WO-A-
0041824.

Background Art
[0002]

(1) Conventionally, in a punch processing machine,
there is provided a tool management device as dis-
closed, for example, in JP-A-61099529 (Fig. 1).

[0003] In this case, the punch processing machine is,
for example, a turret punch press (Fig. 2), and in a con-
dition that a tool (punch and die) to be used is selected,
immediately beneath a ram (striking element), the ram
press-strikes the selected tool (punch), thereby the turret
press performs punch processing on workpieces.
[0004] Each time when aforementioned ram press-
strikes a tool, a tool management device of such a turret
punch press counts number of uses of the tool and is
designed to issue an alarm, when the counted number
of use reaches a pre-set durable number of uses.
[0005] However, the aforementioned conventional tool
management device is dedicated to a punch processing
machine, and thus it can not be applied to a press brake
as it is.

[0006] In other words, in the punch processing ma-
chine, as described previously, only tool to be used just
now is selected and arranged immediately beneath the
ram.

[0007] Contrarytothis,inthe pressbrake, asillustrated
in Fig. 3 of the present application for example, a number
of work stations ST1, ST2... are formed in a ram (e.g.,
an upper table 12), and there are tools to be used and
the ones not to be used depending on bending sequenc-
es, among divided tools 1, 2..., that constitute respective
work stations ST1, ST2, ST3....

[0008] Accordingly, the number of operations of ram
and the number of uses of tools are in one-to-one corre-
spondence, in a punch processing machine, whereas
they are not in one-to-one correspondence in a press
brake.

[0009] Thereby, in the punch processing machine,
when the ram operates one time to press-strike a tool,
the tool is certainly used one time, whereas in the press
brake, if the ram is operated one time, the tool mounted
on the ram is not necessarily used one time.

[0010] For example, in the Fig. 3, in the work station
ST2,when aram 12 operates one time, since a bend line
m3 portion of a bending length L3 positioned at a prede-
termined bending position X3 is machined, in a bending
sequence (3), tools A2, C1 that constitute a tool layout c

10

15

20

25

30

35

40

45

50

55

are used each one time.

[0011] However, even at the same work station ST2,
since a bending line m4 portion of a bending length L4
positioned at a predetermined bending position X4 is ma-
chined, in a bending sequence (4), all of tools 5, A2, C1,
and 6 constituting a tool layout d, that is, all tools 5, A2,
C1, and 6 constituting the tools A2, C1 of the tool layout
c used in the bending sequence (3) are used each one
time.

[0012] For this reason, if a method for managing tools
is adopted where each time a ram 12 operates one time,
tool is supposed to have been used one time, using the
conventional tool management device, there is too big
difference from actual number of use, and it becomes
quite uncertain which tools were used how many times.
As aresult, in a press brake, management of tools is not
fully performed, and it is difficult to grasp wear condition
of each tool. When bend processing is performed in such
a condition, angles a, B, y along the bend line m portion
of a machined workpiece W become unequal to one an-
other, as illustrated in Fig. 8, and integrated uniform ac-
curacy will be deteriorated.

[0013] Also, practically, although the number of use of
a certain tool does not reach durable number of uses,
the tool is sometimes polished by mistake. As a result,
waste of working man-hours is produced resulting from
low efficiency of tool management and performing extra
polishing operation.

(2) Further, as described in the above paragraph (1),
in the press brake, unlike a punch processing ma-
chine, a tool layout in a work station on the ram is
comprised of a plurality of divided tools, and the
number of operations of ram and the number of uses
of tools do no correspond to one-to-one correspond-
ence. Accordingly, atool managementdevice as dis-
closed in JP-A-61099529 can not be applied to the
press brake.

[0014] Hence, the applicant of the present application
filed an application on June 15, 2005, with respect to a
tool management device through a scheme for counting
number of uses of each tool that actually bends work-
pieces (late published JP-A-2006346706), the above
document being the priority document of the present ap-
plication.

[0015] Then, be it a tool management device as dis-
closed in JP-A-61099529 or a tool management device
as disclosed by the applicant of the present application,
in a conventional press brake, for a tool which number
of use does not reach durable number of use, a tool layout
is prepared by the next operation.

[0016] For example, in the case where the tool layout
is prepared in a work station with a length of 470 mm,
first, for example, a stocker h1 for long tools with a cross-
sectional shape of A within a tool (punch) storing section
2 (Fig.10) is shifted to the side of upper table 12 (Fig.
26(A)), and subsequently only tools with ID numbers 1
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to 4 out of seven tools (identification (ID) numbers 1 to
7) stored within the stocker h1 for long tools are inserted
into the upper table 12 side (Fig. 26(A)) by a tool (punch)
exchanging device 2A (Fig. 9).

[0017] In this condition, by shifting the tools with ID
numbers 2 to 4 to left side among the tools that have
been inserted into the upper table 12 side (Fig. 26 (B)),
a clearance is formed between the tools with ID number
1and 2.

[0018] Afterthat, this time, a stocker t (Fig. 10) for short
tools with the same cross-sectional shape of A is shifted
to the side of upper table 12 (Fig. 26(C)) in a similar way,
and subsequently the tools with ID numbers 5 (20 mmin
length) and 13 (50 mm in length) are inserted between
the clearance of upper table 12 side.

[0019] Finally (Fig. 26 (D)), a tool layout with length of
470mm can be prepared if clearance is eliminated by
putting the tools of upper table 12 side together.

[0020] However, a conventional system for selecting
tools, as described previously, is a system where, in both
stocker h1 for long tools and stocker t for short tools, tools
are selected in sequence in the increasing order of ID
number, and this also applies to a tool storing section 3
(Fig.11) in which dies are stored.

[0021] For this reason, as illustrated in Fig. 25, con-
ventionally, a tool with a smaller ID number has a signif-
icantly greater number of use compared to that of a larger
ID number, thus the proportion that punch’s tip and die
shoulder are worn becomes larger by the increment of
use.

[0022] As a result, as illustrated in Fig. 27, angles o,
B, v along the bend line m portion of the machined work-
piece W become unequal to one another and bending
angles become loose, and thus integrated uniform accu-
racy becomes deteriorated.

[0023] In other words, conventionally, because tools
with smaller ID numbers tended to be used frequently
(Fig. 25), the wear condition was also nonuniformly heav-
ily produced in the tools with smaller ID numbers, and
consequently integrated uniform accuracy was deterio-
rated.

[0024] A first object of the present invention is to pro-
vide abending apparatus performing relevant metal mold
management by measuring number of uses of individual
tools that actually bent workpieces, as well as performing
bend processing with a good integrated uniform accura-
cy, in order to solve the above-mentioned problem in (1).
[0025] A second object of the present invention is to
provide a bending apparatus performing bend process-
ing with a good integrated uniform accuracy by achieving
uniformity of wear condition of tools, in order to solve the
above-mentioned problem in (2).

Disclosure of the Invention
[0026] The presentinvention, as described in claim 1

as a First alternative of the Invention (Fig. 1 to Fig. 7),
provides a bending apparatus (1) for bending a work-
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piece(W) using a pair of tools comprised of a punch
(P)mounted onto an upper table(12) and a die(D) mount-
ed onto alower table(13) by operation of a ram consisting
of the upper table(12) or the lower table(13), the appa-
ratus(1) comprising:

a machining information determining means(20D)
for determining bending sequences((1),(2),(3),(4)),
based on product information, as well as determining
tools(P,D) and tool layouts(a,b,c,d) for each of the
bending sequences((1),(2),(3),(4)),and work poai-
tions(X1,X2,X3,X4);

a tool management database(20C2) for accumulat-
ing numbers of uses of each tool that actually bent
the workpiece (W)along with operation of the ram,
based on the determined work positions, tools and
tool layouts;

and

a displaying means(20F) for displaying number of
uses of relevant predetermined tool, when the de-
tected number of uses of each tool becomes equal
or approximate to a durable number of uses (G100,
G50, G30, and G15), or when a display command
signal is from a worker side input.

[0027] With aforementioned configuration of the
present invention, according to a first alternative of the
invention (claim 1), for example, in each of work stations
ST1 (Fig. 3), ST2, based on bending lengths L1, L2, L3,
and L4 and bending positions X1, X2, X3, and X4 of bend
lines m1, m2, m3, and m4 portions of the workpiece W,
since tool layouts a, b, ¢, and d for each of bending se-
quences (1), (2), (3), and (4) are determined, (in O marks
in Fig. 4), if the number of uses of each tool along with
operation of the ram 12 is accumulated in the tool man-
agement database 20c2 (Fig. 5) including a number of
use region of tools that constitute this tool layouts a, b,
¢, and d, it becomes possible to measure the number of
uses of individual tools that actually bent the workpiece
W, and consequently it becomes possible to correctly
grasp wear condition of each tool, so that an relevant tool
management can be performed. As a result, the problem
that, as in a conventional manner, tools that practically
have not yet reached the durable number of uses were
sometimes polished, thus leading to waste of working
man-hours will not occur. In addition, as in a conventional
manner (Fig. 8), another problem thatangles o, 8, yalong
a bend line m portion of the bent workpiece W become
unequal to one another, and integrated uniform accuracy
is deteriorated will not occur, and thus, bend processing
with an integrated uniform accuracy can be performed.
[0028] Also, the present invention provides, as de-
scribed in claim 2 as a Second alternative of the Invention
(Fig 9to Fig. 25), provides a bending apparatus(1) having
a tool storing section(2,3) for storing a pair of tools com-
prised of a punch(P) and a die(D) via a stocker(h1,
h2,h3,t),the apparatus(1) comprising:
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a number of uses of tool detecting means(20E) for
detecting number of uses of tools within each stock-
er(h1, h2,h3,t); and

a tool rearranging means(20J) for rearranging the
tools within each stocker (h1, h2,h3,t) in a predeter-
mined order, based on the detected number of uses
of tools , and

as described in claim 4 as a third alternative of the
invention,

a bending apparatus (1) having a tool storing section
(2,3) for storing a pair of tools comprised of a
punch(P) and a die(D) via a stocker(h1, h2,h3,t), the
apparatus(1) comprising:

atotal sum of number of uses of tools calculating
means(20K) for calculating total sum of num-
bers of uses of tools for each stocker(h1,
h2,h3,t), for each combination of tool groups, or
for each of the both; and

a tool stocker selecting means (20H) for select-
ing a predetermined stocker (h1, h2,h3,t), a
combination of predetermined tool groups, or
the both, based on the calculated total sum of a
number of uses of tools.

[0029] With the foregoing configuration of the present
invention, methods (Fig. 19, Fig. 21, Fig. 22) are availa-
ble, one method (Fig. 19) being able to be carried out on
aregular basis, each time when number of operations of
aram 12 (Fig. 9) reaches a predetermined value, and it
is a method of rearranging the tools within each of stock-
ers h1 (Fig. 12), h2, h3, and t (Fig. 13) of the tool storing
sections 2, 3 in the increasing order of number of use.
Also, a second method (Fig. 21, Fig. 22) can always car-
ried out when a tool layout (e.g., Fig. 23) with a prede-
termined length is to be prepared, and it is a method of
selecting a stocker (Fig.21) that exhibits the lowest total
sum of numbers of uses of tools, a combination of tool
groups that exhibits the lowest total sum of the number
of uses of tools, or the both. With these methods, num-
bers of uses of tools are averaged, compared to conven-
tional method (Fig.25), and accordingly uniformity of
wear condition of tools is achieved, and thereby bend
processing with a good integrated uniform accuracy can
be performed.

Brief Description of the Drawings
[0030]

Fig. 1 is a general view of a First alternative of the
Invention.

Fig.2 is a view illustrating an example of bending
according to the First alternative of the Invention.
Fig. 3 is adiagramiillustrating a relationship between
a tool layout and a bend position of workpiece ac-
cording to the First alternative of the Invention.

Fig. 4 is a diagram illustrating a machining informa-
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tion database 20c1 according to the First alternative
of the Invention.

Fig. 5 is a diagram illustrating a tool management
database 20c2 according to the First alternative of
the Invention.

Fig. 6 is a diagram illustrating procedure how to
measure number of uses of tools according to the
First alternative of the Invention.

Fig. 7 is a flowchart for illustrating an operation of
the First alternative of the Invention.

Fig. 8 is an explanatory view of prior art of the First
alternative of the Invention.

Fig. 9 is a general view of a Second and/or third
alternative of the Invention.

Fig. 10 is a diagram illustrating an arrangement of
each stocker in a tool (punch) storing section 2 that
constitutes the Second and/or third alternative of the
Invention.

Fig. 11 is a diagram illustrating an arrangement of
each stockerin atool (die) storing section 3 that con-
stitutes the Second and/or third alternative of the In-
vention.

Fig. 12 is a view illustrating stockers h1, h2, and h3
for long tools according to the Second and/or third
alternative of the Invention.

Fig. 13 is a view illustrating a stocker t for short tools
according to the Second and/or third alternative of
the Invention.

Fig. 14 is a view illustrating an example of bending
according to the Second and/or third alternative of
the Invention.

Fig. 15 is a diagram illustrating a relationship be-
tween tool layouts and bend positions of a workpiece
according to the Second and/or third alternative of
the Invention.

Fig. 16 is a diagram illustrating a machining informa-
tion database 20c1 according to the Second and/or
third alternative of the Invention.

Fig. 17 is a diagram illustrating a tool storing data-
base 20c2 according to the Second and/or third al-
ternative of the Invention.

Fig. 18 is a flowchart for illustrating an operation of
the Second and/or third alternative of the Invention.
Fig. 19 is an operational explanatory view of a First
Embodiment according to the Second and/or third
alternative of the Invention.

Fig. 20 is a diagram illustrating a tool storing data-
base 20c2 after the completion of the operation of
Fig.19.

Fig. 21 is an operational explanatory view of one
example of a Second Embodiment according to the
Second and/or third alternative of the Invention.
Fig. 22 is an operational explanatory view of another
example of the Second Embodiment according to
the Second and/or third alternative of the Invention.
Fig. 23 is a diagram illustrating one example of tool
layout prepared through Fig. 21 and Fig. 22.

Fig. 24 is a diagram illustrating calculating/selecting
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operations through

Fig. 21 and Fig. 22.

Fig. 25is a diagramillustrating comparison between
the effects of the Second and/or third alternative of
the Invention and prior art.

Fig. 26 is an operational explanatory view of the prior
art of the Second and/or third alternative of the In-
vention.

Fig. 27 is an explanatory view of the problem with
the prior art of the Second and/or third alternative of
the Invention.

Best Modes for Carrying Out the Invention

[0031] Hereinafter, the present invention will be de-
scribed by way of embodiments with reference to the
accompanying drawings.

(1) Regarding the First alternative of the Invention.

[0032] Fig. 1 is a general view of the First alternative
of the Invention. A bending apparatus 1, as illustrated in
Fig. 1, is, for example, a press brake, the press brake 1
has side plates 16, 17 at the both sides of a machine
main body, and on the top of the side plates 16, 17, an
upper table 12 is mounted via, for example, hydraulic
cylinders 14, 15 serving as a ram drive source, and on
the upper table 12, a punch P serving as a tool at one
side is mounted via a punch holder 30. Also, a lower table
13 is arranged under the side plates 16, 17, and on the
lower table 13, a die D serving as a tool at the other side
is mounted via a die holder 31.

[0033] That is, a bending apparatus 1 of Fig. 1 is a
descending type press brake. After a work W is bumped
againstbumpers 10, 11 of aback-gauge arranged behind
a lower table 13 so that it is to be positioned, if a worker
holds a foot pedal 7 down (YES of Step 104 in Fig. 7),
so as to activate hydraulic cylinders 14, 15 to allow an
upper table 12 serving as a ram to descend (Step 105 of
Fig. 7), the work W is bent (Step 106 of Fig. 7) through
the cooperation between a punch D and a die D serving
as the pair of tools.

[0034] Further, a bending robot 21 is provided move-
ably in right-left direction (x-axis direction) on the front of
the foregoing lower table 13 (Fig. 1), the bending robot
21 is designed to feed a workpiece W automatically be-
tween the punch D and the die D serving as the pair of
tools and to position it, and subsequently to bend the
workpiece W.

[0035] The foregoing press brake, as illustrated in Fig.
1, is provided with a tool exchanging apparatus 4 move-
ably in right-left direction (x-axis direction) and up-down
direction (z-axis direction)(for example, disclosed in
WOO00/41824).

[0036] Also, behind the upper table 12 and the lower
table 13, tool storing sections 2, 3 are provided, and on
the respective tool storing sections 2, 3, there are stored
divided tools with a predetermined length and a prede-
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termined cross-sectional shape that constitute tool lay-
outs a, b, ¢, and d for respective work stations ST1 (Fig.
3), ST2 determined by a machining information deter-
mining means 20D to be described later (for example,
disclosed in the WO00/41824).

[0037] Inthis case, the foregoing divided tools include,
for example, standard (long) tools 1, 2, 3, 4, 5, 6...with a
length of 100 mm (Fig. 5), and special (short) tools A1,
A2, B1, B2, C1, C2...with lengths of 50mm, 30mm, and
15mm.

[0038] With this configuration, in the case where actual
divided tools are arranged in the respective work station
ST1 (Fig. 3), ST2, the following procedure will be fol-
lowed.

[0039] First, atool exchanging apparatus 4 causes, for
example, standard (long) tools 5, 6 to be shifted with no
clearance there between from a tool (punch) storing sec-
tion 2 side to a work station ST2 side, and when the tool
exchanging apparatus 4 returns to the tool storing section
2 side, a left-side tool 5 is shifted to left side to some
degree, thereby keeping a clearance enough to accom-
modate special (short) tools A2, C1 to be formed.
[0040] In this state, the tool exchanging apparatus 4
causes the special tools A2, C1 to be shifted from the
tool storing section 2 side to the work station ST2 side,
and to be inserted into the clearance formed before the
return, thereby, as illustrated in the figure, a work station
ST2 comprised of the standard tools 5, 6 and the special
tools A2, C1 is formed.

[0041] Next, in a similar way, the tool exchanging ap-
paratus 4 causes standard tools 1, 2, 3, and 4 to be shifted
with no clearance there between from the tool storing
section 2 side to the work station ST1 side, and when
the tool exchanging apparatus 4 returns to the tool storing
section 2 side, the left-side metal molds 1, 2, and 3 are
shifted to left side to some degree, thereby keeping a
clearance enough to accommodate special tool B1 to be
formed.

[0042] In this state, the tool exchanging apparatus 4
causes the special tools B1 to be shifted from the tool
storing section 2 side to the work station ST1 side, and
to be inserted into the clearance formed before the return,
thereby, as illustrated in the figure, the work station ST1
comprised of the standard tools 1, 2, 3, and 4 and the
special tool B1 is formed.

[0043] What is described already is a procedure how
to arrange a tool P as a punch on an upper table 12 side
within the work stations ST1, ST2, but ditto for a tool D
as a die of the lower table 13 side (Fig.1), that is, the tool
exchanging apparatus 4 moves back and forth between
the tool (die) storing section 3 and the lower table 13.
[0044] Thereby, the tool D is arranged as a die of the
lower table 13 side within the work stations ST1, ST2.
[0045] Hereinafter, mainly a punch P will be described
in detail unless otherwise stated, with respect to the tools
P (Fig. 1), D comprised of the divided tools, but ditto for
the die D.

[0046] An NC apparatus 20 (Fig. 1) of the press brake
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having the above-mentioned configuration is comprised
of CPU20A, input /output means 20B, memory means
20C, machining information determining means 20D,
number of uses of tools detecting means 20E, displaying
means 20F, and bend controlling means 20G.

[0047] CPU24A performs overall control of the entire
apparatus as illustrated in Fig. 1, including machining
information determining means 20D, number of uses of
tools detecting means 20E, displaying means 20F, and
the like in accordance with operation procedure (e.g.,
corresponding to Fig. 7) for implementing the present
invention.

[0048] The input/output means 20B constitutes an op-
erating panel attached to the press brake, and has input
means such as a keyboard or the like, and output means
such as a screen or the like, as is well known, and allows
product information or the like to be input (Step 101 of
Fig. 7), for example, manually or automatically using this
operating panel 20B, and allows input results to be con-
firmed on the screen.

[0049] Also, a number-of-use confirmation button is
provided on the screen of operating panel 20B (Fig. 1),
and as described later (YES for Step 109 in Fig. 7), when
aworker depresses this number-of-use confirmation but-
ton, numbers of uses of relevant predetermined tools are
displayed on the screen via displaying means 20F (Fig.
1)(Step 111 in Fig. 7).

[0050] Inthis case, productinformation is, forexample,
CAD (Computer Aided Design) information, and includes
information such as thickness, material, length of bend
line, bending angles, flange dimensions, etc. of the work-
piece W (Fig. 2), and these are organized as three-di-
mensional appearance view, expansion view.

[0051] Memory means 20C (Fig. 1) stores programs
for implementing the presentinvention, as well as storing
as database information necessary for machining, deter-
mined by the machining information determining means
20D as described later, such as tools for each bending
sequence (e.g., divided tools having predetermined
length (right-left direction (x-axis direction)), predeter-
mined cross-sectional shapes (gooseneck-shaped,
straight sword-shaped, etc.)), tool layouts, work posi-
tions, other D values, L values, etc. (Fig. 4).

[0052] Also, the memory means 20C (Fig. 1) stores, a
region (Fig. 5) where actual numbers of uses of standard
tools 1, 2..., and special tools A1, A2... stored in, as de-
scribed previously, for example, the tool storing section
2 are accumulated, as the tool management database
20c2.

[0053] Then, actual numbers of uses of tools (numbers
of uses of tools that actually bent the workpieces W) are
accumulated in this tool management database 20c2
during bend processing (Step 106 in Fig. 7).

[0054] Therefore, in the case where the number of us-
es of tools detecting means 20E (Fig. 1) detects that the
actual numbers of uses of tools are equal to durable num-
bers of uses Gqq, Gs5q, G309, G15 (YES of Step 108 in Fig.
7), or in a similar case, referring to this tool management
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database 20c2 (Fig. 5), numbers of uses of relevant pre-
determined tools are displayed (Step 111 in Fig. 7) via
displaying means 20 (Fig. 1) as described later.

[0055] The machining information determining means
20D (Fig. 1) determines bending sequence (1), (2), (3),
and (4), based on product information input via the in-
put/output means 20B, as well as determining tools that
bends workpieces W for each bending sequence and
tool layouts a, b, ¢, and d, work positions (right-left direc-
tion), other D values, L values, etc., (Steps 101 and 102
in Fig. 7).

[0056] For example, as illustrated in Fig. 2, bend lines
m1, m2, m3, and m4 portions of a flat workpiece W are
bent in the order of (1), (2), (3), and (4), and finally, as
illustrated in the figure, a product with flanges F1, F2, F3,
and F4 being erected is machined (e.g. as disclosed in
WO098/01243 (particularly Fig. 3 to Fig. 5)).

[0057] Inthis case, a bend length L1 of a bend line m1
portion is the longest, the next longest is a bend length
L2 of a bend line m2 portion, but heights of flanges F1,
F2 obtained by bending the both bend lines m1, m2 por-
tions are designed to be equal.

[0058] On the other hand, a bend length L3 of a bend
line m3 portion is the shortest, the next shortest is a bend
length L4 of a bend line m4 portion, but heights of flange
F3, F4 obtained by bending the both bend lines m3, m4
portions are designed to be equal and to be lower than
the heights of the flanges F1, F2.

[0059] Based on product information containing such
information, the machining information determining
means 20D (Fig. 1) determines bending sequence, de-
termines tools and tool layouts a, b, ¢, and d for each
bending sequence, and determines work positions.
[0060] First, the machining information determining
means 20D determines a work station ST1 consisting of
standard tools 1, 2, 3, and 4 and special tool B1 in ac-
cordance with the longest bend length L1 that the bend
line m1 portion (Fig. 3) has.

[0061] Next, the machining information determining
means 20D determines (fixes) bending sequence (1), on
condition thatbending is possible in this work station ST1,
and tools, and a tool layout a of bending sequence (1)
are determined, based on the bend length L1 and bend-
ing position X1 of the bend line m1 portion.

[0062] That is, a bend line m1 portion (Fig. 2) in the
firstbending sequence (1) has notinterference with flang-
es or the like of workpiece W, depending on tools that
constitute a work station ST1, even if the bend line m1
portion is inserted and bent between a punch P and a
die D as itis, and therefore it is possible to bend.
[0063] Thereby, bending sequence (1) is determined,
and with respect to the determined bending sequence
(1), tools comprised of divided tools (standard tools 1, 2,
3, and 4, and special tool B1) with predetermined length,
a predetermined cross-sectional shape that constitute a
work station ST1 are determined, and a tool layout a is
determined, which is an arrangement where the divided
tools are arranged at predetermined positions.
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[0064] The tool layout a in this case, as illustrated, re-
fers to an arrangement of standard tools 1, 2, and 3,
special tool B1, and standard tool 4 placed in a line in
the order from left-end to right-end.

[0065] Also, if the flange F1 (Fig. 3) obtained by bend-
ing a bend line m1 portion in the bending sequence (1)
is shifted to the outside of work station ST1, bend line
m2 portion in bending sequence (2) has no interference
with a workpiece W, depending on tools that constitute
the work station ST1, at bend length L2 and bending po-
sition X2 as shown within the work station ST1, and there-
fore the bend line m2 portion is able to be bent.

[0066] Thereby, the bending sequence (2) is deter-
mined, and for this determined bending sequence (2),
there are determined, tools consisting of divided tools
with predetermined length, predetermined cross-sec-
tional shapes (standard tools 2, 3, and 4 and special tool
B1), out of tools that constitute the work station ST1, and
the tool layout b that is an arrangement of the divided
tools arranged at predetermined positions is determined.
[0067] The tool layout b in this case refers to an ar-
rangement of standard tools 2, 3, special tool B1, and
standard tool 4 placed in a line in the order from left-end
skipping over a standard tool 1 positioned at left-end of
the work station ST1 to right-end.

[0068] Bend lines m3, m4 portions of bending se-
quences (3), (4), as apparent from Fig. 2, are not able to
be bent, caused by interference with a workpiece W, de-
pending on tools that constitute the work station ST1.
[0069] Also, a tools for bending the bend line m3 por-
tion can be substituted by tool for bending longer bend
length m4 portion.

[0070] Therefore, there is determined a work station
ST2in accordance with the bend length L4 oflonger bend
line m4 portion.

[0071] That is, as illustrated in Fig. 3, there is deter-
mined a work station ST2 in accordance with the bend
line L4 by standard tools 5, 6 and special tools A2, C1.
[0072] Then, a bending sequence (3) is determined in
this work station ST2, and for this determined bending
sequence (3), tools consisting of divided tools with pre-
determined length, predetermined cross-sectional
shapes (special tools A2, C1) out of tools that constitute
the work station ST2 are determined, and then a tool
layout c that is an arrangement of the divided tools ar-
ranged at predetermined positions is determined.
[0073] The tool layout c in this case refers to an ar-
rangement of special tools A2, C1 placed in a line skip-
ping over a standard tool 5 positioned at left-end of a
work station ST2, in the order from left-end to right-end
in the substantially center of the work station ST2.
[0074] Also, a bending sequence (4) is determined in
this work station ST2, and for this determined bending
sequence (4), there are determined tools consisting of
divided tools with predetermined length, predetermined
cross-sectional shapes (standard tools 5, 6, special metal
tools A2, C1), which represent all the tools that constitute
awork station ST2, and a tool layout d thatis an arrange-
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ment of the divided tools arranged at predetermined po-
sitions is determined.

[0075] The tool layout d in this case refers to an ar-
rangement of standard tool 5, special tools A2, C1, stand-
ard tool 6 placed in a line in the order from left-end to
right-end of work station ST2.

[0076] Thatis, the machining information determining
means 20D (Fig.1) determines the bending sequences
(1), (2), (3), and (4) on condition that it is possible to bend
a workpiece W, based on bending lengths and bending
positions of bend line portions of workpiece, in each of
work stations ST1 (Fig. 3), ST2.

[0077] Then, the machining information determining
means 20D (Fig. 1) determines tools comprised of divided
tools with predetermined lengths, predetermined cross-
sectional shapes, which bend a workpiece W for each
bending sequence, in each of work stations ST1 (Fig. 3),
ST2, and tool layouts a, b, ¢, and d, respectively, which
are arrangements of the divided tools arranged at pre-
determined positions.

[0078] Further, the machining information determining
means 20D (Fig.1) determines work positions X1, X2,
X3, and X4, based on bending positions X1, X2, X3, and
X4 of bend lines m1, m2, m3, and m4 portions having
predetermined bendinglengthsL1,L2,L3,and L4 in each
of work stations ST1 (Fig. 3), ST2.

[0079] In other words, the machining information de-
termining means 20D (Fig.1) determines the work posi-
tions X1, X2, X3, and X4, by judging where to arrange
bend lines m1, m2, m3, and m4 portions having prede-
termined bend lengths L1, L2, L3, and L4 in a work W
for each of work stations ST1 (Fig. 3), ST2.

[0080] Thus, bending sequences (1), (2), (3), and (4)
determined by the machining information determining
means 20D (Fig. 1), and tools for each bending se-
quence, and tool layouts a, b, ¢, and d, work positions,
other D values, L values, etc. are stored in the memory
means 20c (Fig. 1) as machining information database
20c1 (Fig. 4).

[0081] In this machining information database 20c1
(Fig. 4), marks denote tools (divided tools as described
previously) that bend work for each of bending sequenc-
es (1), (2), (3), and (4), and arrangements of tools with
these o marks correspond to tool layouts a, b, ¢, and d
as described previously.

[0082] On the other hand, the number of uses of tools
detecting means 20E (Fig. 1) detects number of uses of
respective tools, referring to a tool management data-
base 20c2.

[0083] The tool management database 20c2 (Fig. 5)
inthis caseis a region where there are accumulated num-
bers of uses of respective tools that actually bent work-
pieces W along with operations of the ram 12, based on
work positions X1, X2, X3, and X4 at tool layouts a, b, c,
and d of respective work stations ST1, ST2, as illustrated
in Fig. 3, and it is provided, for example, in the memory
means 20c (Fig. 1).

[0084] This tool management database 20c2 (Fig. 5),
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as illustrated, is divided into regions for standard tools,
and regions for special tools, and respective regions are
separated into No., tool length, number of use, and du-
rable number of uses.

[0085] In this case, to simplify description, it is as-
sumed that tools that constitute tool layouts a, b, ¢, and
d of respective work stations ST1, ST2 as described pre-
viously (Fig. 3) are quite new, and not yet used even once.
[0086] Accordingly, regions for number of uses in the
tool management database 20c2 (Fig. 5) that constitute
standard tools and special tools are all cleared initially.

[0087] Also, the tool management database 20c2 con-
tains regions for not only standard tools 1, 2, 3, 4, 5, and
6, and special tools A2, B1, and C1 as described in the
Fig. 3, but also secures regions, for example, for tools
that are stored in the tool storing portion 2 (Fig. 1) and
scheduled to be used from now onward.

[0088] Then, as will be apparent from comparison be-
tween Fig. 3 and Fig. 5, actual tools (Fig. 3) mounted
onto a press brake, and tools as data in tool management
database 20c2 (Fig. 5) are in one-to-one correspond-
ence, with respect to the tools that make up respective
work stations ST1, ST2.

[0089] Therefore, the numberof uses of tools detecting
means 20E can detect numbers of uses of respective
tools that actually bent workpieces W by referring to this
tool management database 20c2 (Fig. 5) during bend
processing (Step 106 in Fig. 7).

[0090] Forexample, asillustrated in Fig. 3, all the tools
that make up the tool layout a in work station ST1 are
used, from the fact that bend line m1 portion is bent in
bending sequence (1).

[0091] In this case, actual use of the tools can be de-
tected from actual bending of the workpiece W by the
relevant tools (Fig. 1) (tools have come to contact with
workpiece W, or tools have received reaction force from
workpiece W).

[0092] For example, when a worker holds a foot pedal
7 down, bend controlling means 20G detects it and acti-
vates hydraulic cylinders 14, 15, thereby causing the ram
12 to descend, and when a tool comes into contact with
workpiece W, or receives reaction force from workpiece
W, then the readings of pressure gauges 5, 6 connected
to hydraulic cylinders 14, 15 will rise.

[0093] Accordingly, when a detecting element 20c3
detects change in readings of the pressure gauges 5, 6,
relevant tool is regarded to have been used, for example,
in the case of bending sequence (1) (Fig. 3, Fig.4), stand-
ard tools 1, 2, 3, and 4, and special tool B1 are used each
one time along with operation of the ram 12, via an adder
20c4 (Fig. 1), and consequently "1" is added to relevant
region of the tool management database 20c2 (Fig. 5).

[0094] In this case, which tools are used for each of
the bending sequences (1), (2), (3), and (4) can be found
from tool layouts a, b, ¢, and d (corresponds to o marks
in Fig. 3) determined by the machining information de-
termining means 20D (Fig.1) based on Fig. 3 as de-
scribed previously.
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[0095] The adder 20c4 can detect which tool has been
used, while monitoring the machining information data-
base 20c1, each time when a detection signal is received
from the detecting element 20c3. Accordingly, the adder
20c4 (Fig. 1) adds "1" to relevant region of tool manage-
ment database 20c2 (Fig. 5), as described previously.
[0096] In this case, as will be apparent from Fig. 3, not
only the cases where bend line portions of workpiece W
come into contact with total length of each tool (e.g. bend-
ing sequences (1), (3), and (4)), but also the cases where
the workpiece W contacts with substantially one half (1/2)
of total length (e.g., in bending sequence (2), bend line
m2 portion is in contact with substantially on half (1/2) of
standard metal mold 2), thus "1" can be assigned to all
numbers of uses for these cases.

[0097] The aforementioned example of Fig. 5 is based
on this concept, and if bend line portion of workpiece
contacts even a part of each tool, number of use is re-
garded to be "1", then "1" is added to relevant region of
the tool management database 20c2 via the adder 20c4
(Fig. 1).

[0098] Accordingly, in Fig. 5, at a stage when bending
sequence (4) is complete, as will be apparent from com-
parison with Fig. 4 (total number of o marks of each tool),
regarding accumulated values of numbers of uses for
standard tools 1, 2, 3, 4, 5, and 6, tools 1, 5, and 6 were
used one time, and tools 2, 3, and 4 were used two times,
and special tools A2, B1, and C1 were all used two times.
[0099] In Fig. 3, however, in the case where the bend
line portion of workpiece W as described previously con-
tacts substantially one half (1/2) of total length of tool
(case of bending sequence (2)), 0.5 may be assigned to
number of use, and further "0" may be assigned (regard-
ed as non-used).

[0100] In other cases, in Fig. 6 illustrating an example
of how to measure numbers of uses of tools, in Example
1to Example 3, any of bend line m portions of workpiece
W contacts total length of tool; in Example 4 contacts
approximately one third (1/3) of standard tool 4; in Ex-
ample 5 contacts approximately one half (1/2) of standard
tool 6.

[0101] In this case, as described before, "1" may be
assigned to all numbers of uses of tools, or "1" may be
assigned to only the cases of total contact (Example 1
to Example 3); 0.3, 0.5 may be assigned to the cases of
partial contact (Example 4, Example 5), respectively; al-
ternatively "0" may be assigned to the both cases, re-
spectively.

[0102] In this way, a procedure how to measure num-
bers of uses of tools is arbitrary, and thus a worker may
preset it.

[0103] For example, at a stage when machining infor-
mation such as tool layout has been determined (Step
102in Fig. 7), a worker can set a procedure how to meas-
ure numbers of uses of tools to the adder 20c4 via the
input/output means 20B (Fig .1), prior to machining (Step
103 in Fig. 7).

[0104] Examples as described above, are the cases
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where the detecting element 20c3 detects change in
readings of pressure gauges 5, 6 (Fig. 1), thereby num-
bers of uses of tools are automatically accumulated in
the tool management database 20c2 (Fig. 5) via the
adder 20c4.

[0105] However, if tool layouts a, b, ¢, and d (o marks
in Fig. 3) for each of bending sequences (1), (2), (3), and
(4) determined by the machining information determining
means 20D are displayed, for example, on a screen of
the operating panel 20B (Fig. 1), a worker can mount
tools manually, while watching this, and at the same time
can accumulate manually numbers of uses of tools in the
tool management database 20c2 (Fig. 5) (in particular,
effective in the case where the tool exchanging device 4
(Fig. 1) is not installed).

[0106] Displaying means 20F (Fig. 1) displays num-
bers of uses of relevant predetermined tool (YES of Step
108 through Step 111 in Fig. 7), when number of uses
oftool detecting means 20E detects that numbers of uses
of each tool are equal or approximate to durable numbers
of uses Gq, Ggg, Ggg, and G5, as the result of having
referred to the tool management database 20c2 (Fig. 5).
[0107] This is a display that is automatically operated,
and is performed on a screen of the operating panel 20B.
[0108] However, the present invention is not limited to
this, there is available a display thatis manually operated,
and as described before, when a worker depresses a
number-of-use confirmation button provided on the
screen of the operating panel 20B, a display command
signal is input into the displaying means 20F, thereby the
displaying means 20F displays numbers of uses of rele-
vant predetermined tools in a similar manner on the
screen of the operating panel 20B (YES of Step 109
through Step 111 in Fig. 7).

[0109] Thereby, aworker canconfirmtoolusage based
on one’ s own judgment, and more adequate tool man-
agement can be performed.

[0110] Inthe case where a workpiece W is bent by the
already described bending robot 21 (Fig 1), for example,
during a period between completion of machining of a
product A and starting of machining of the next product
B, that is, during a period between jobs, number of uses
of the predetermined tools are kept being displayed on
the screen of the operating panel 20B, thereby a worker
can confirm tool usage by watching this display.

[0111] When a foot pedal 7 is held down, as already
described, bend controlling means 20G (Fig. 1) detects
it and activates hydraulic cylinders 14, 15, and causes a
ram 12 to descend, and prior to machining, activates met-
al mold exchanging means 4, as already described (Fig.
3), forms work station ST1, ST2, and further positions in
advance bumpers 10, 11 of a back gauge at a predeter-
mined position.

[0112] Hereinafter, operation of the First alternative of
the Invention having the above-mentioned configuration
will be described according to Fig. 7. (1) Operation until
machining information is determined.

[0113] In Step 101 in Fig. 7, product information is in-
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put, and in Step 102, bending sequences, tools, tool lay-
outs, work positions, etc. will be determined.

[0114] That is, CPU20A (Fig. 1), when it detects that
product information has been input via input/output
means 20B, determines bending sequences, tools, tool
layouts a, b, ¢, and d, work positions, etc. via machining
information determining means 20D, and subsequently
causes memory means 20c (Fig. 1) to store these ma-
chining information as database (Fig. 4).

[0115] Then, prior to machining in advance, CPU20A
(Fig. 1) causes bend controlling means 20G (Fig. 1) to
activate tool exchanging means 4, and forms work sta-
tions ST1, ST2 (Fig. 3) comprised of divided tools with
predetermined lengths and predetermined cross-sec-
tional shapes, and machining is started in a state where
bumpers 10, 11 of a back gauge are transferred to pre-
determined positions. (2) Operation after machining is
started.

[0116] When machining is started, in Step 103 in the
Fig. 7, and if foot pedal 7 is held down (YES), in Step
104, the ram 12 is caused to descend, and bending is
performed in Step 106, and then numbers of uses of tools
are accumulated in Step 107.

[0117] Thatis, CPU20A (Fig. 1), when detecting that
machining information has been determined by the ma-
chining information determining means 20D, regards it
as start of machining.

[0118] Then, when CPU20A detects that, for example,
the worker has positioned the workpiece W by bumping
it into bumpers 10, 11, with reference to work positions
among machining information (Fig. 4) displayed on a
screen of the operating panel 20B, and subsequently the
worker has held a foot pedal 7 down, it activates hydraulic
cylinders 14, 15, causes the ram 12 to descend, and first
of all, thus bending the work piece W for bending se-
quence (1) (Fig. 4) via the bend controlling means 20G
(Fig. 1).

[0119] Atthesametime, CPU20A (Fig. 1), forexample,
activates a detecting element 20c3 and an adder 20c4,
causes the abovementioned tool management database
20c2 (Fig. 5) to accumulate numbers of uses of respec-
tive tools to be used in bending sequence (1).

[0120] Next, in Step 108 in Fig. 7, CPU20A judges
whether or not number of uses of each tool is equal or
approximate to durable number of uses, or in Step 109
in Fig. 7, whether or not number-of-use confirmation but-
ton has been pressed.

[0121] Thatis, CPU20A (Fig. 1) judges via the number
of use of tool detecting means 20E whether number of
use of each tool is equal or approximate to the durable
number of uses G4qq, Gsq, G309, and Gys, referring to the
tool management database 20c2 (Fig. 5), and in the case
of NO for bending sequence (1) (NO of Step 108 in Fig.
7, NO of Step 109), judges whether all processes (in the
order of bending) have been completed or not (Step 110
in Fig 7).

[0122] In the case of having not yet completed (NO of
Step 110in Fig. 7), the same operation will be performed
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for the next bending sequence (2) returning to Step 103.
[0123] Thus,inthe case where CPU20A (Fig. 1)judges
via the number of use of tool detecting means 20E that
number of use of each tool is equal to durable number
of uses G4, Gsg, G3g, and G5, orin asimilar case (YES
of Step 108 in Fig. 7, YES of Step 109), as the result that
the same operation has been performed for bending se-
quences (1), (2), (3), and (4), causes the displaying
means 20F (Fig. 1) to display number of use of relevant
predetermined tool (Step 111 in Fig. 7).

[0124] In the operational description, there was de-
scribed in detail the case where the tool exchanging
means 4 (Fig. 1) is installed, work stations ST1 (Fig. 3),
ST2 are formed automatically, and accumulation of num-
bers of uses of tools in relation to tool management da-
tabase 20c2 (Fig. 5) is automatically performed using
detecting element 20c3 (Fig. 1) and adder 20c4.

[0125] As a matter of course, the present invention,
however, is not limited to this, as already described, but
also applied to the case where tool exchanging means
4 (Fig. 1) is not placed, work stations ST1 (Fig. 3), ST2
are formed manually, and accumulation of numbers of
uses of tools in relation to the tool management database
20c2 (Fig. 5) is manually performed, and exhibits the
same actions and effects as the case where automati-
cally done.

(2) Regarding the Second and/or third alternative of the
Invention.

[0126] Fig. 9 is a general view of the Second and/or
third alternative of the Invention. A bending apparatus 1
as illustrated in Fig. 9 is, similarly, for example, a press
brake; the press brake 1 has side plates 16, 17 at the
both sides of machine main body; an upper table 12 is
attached on the side plates 16, 17 via hydraulic cylinders
14, 15 serving as ram drive source; a punch P serving
as one tool is mounted onto the upper table 12 via a
punch holder 30.

[0127] Also, similarly, a lower table 13 is arranged un-
der the side plates 16, 17; a die D serving as the other
toolis mounted onto the lower table 13 via a die holder 31.
[0128] With this configuration, after a workpiece W is
positioned by bumping it into bumpers 10, 11 of back
gauge arranged behind the lower table 13, if a worker
holds a foot pedal 7 down, for example, thereby activating
hydraulic cylinders 14, 15, and causing the upper table
12 serving as a ram to descend, the workpiece W is bent
through cooperation between the punch P and die D serv-
ing as the pair of tools.

[0129] Atthe side of the upper table 12 and lower table
13, as illustrated in Fig. 9, tool storing sections 2, 3 and
tool exchanging means 2A, 3A are installed (e.g., as dis-
closed in WO00/41824).

[0130] In this case, divided tools consisting of long
tools and short tools with predetermined lengths, prede-
termined cross-sectional shapes are stored in the re-
spective tool storing sections 2, 3, via stockers (e.g., as
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disclosed in WO00/41824).

[0131] Forexample, tool (punch) storing sections 2, as
illustrated in Fig. 10, is divided into four regions from A
to D for each of tools with the same cross-sectional shape
(e.g., straight sword-shaped, gooseneck-shaped, or the
like), and stockers for long tools and stockers for short
tools are arranged in sequence from the closest to upper
table 12 (Fig. 9) in each region.

[0132] Thatis, in a region A (Fig. 10), three stockers
h1, h2, and h3 for long tools and one stocker t for short
tools; in a region B, three stockers h1, h2, and h3 for long
tools and one stocker t for short tools; in a region C, two
stockers h1, h2 for long tools and one stocker t for short
tools; in a region D, two stockers h1, h2 for long tools
and one stocker t for short tools; 14 sets of stockers are
arranged in total.

[0133] Among these, a stocker h1 (h2, h3) for long
tools, as is well known, has the same construction as a
tool (punch) holder 30 of upper table 12 side (Fog. 9),
and as illustrated in Fig. 12, it can be supported by frames
2’, 2" of the tool storing section 2 via brackets 21, 22 at
both ends.

[0134] Onto this stocker h1 (h2, h3) for long tools, as
illustrated, for example, there are mounted seven pieces
of long tools with length (x-direction) of 100 mm, ID
number 1 to 7 (ID number 8 to 14, ID number 15 to 21).
[0135] Thatis, onto stocker h1 (h2, h3) for long tools,
there are mounted long tools with smaller ID number clos-
er to upper table 12; long tools with larger ID number far
from upper table 12, respectively.

[0136] In addition, a stocker t for short tools, similarly,
has also the same construction as the tool (punch) holder
30 of upper table 12 side (Fig. 9), and as illustrated in
Fig. 13, can be supported by the frames 2’, 2" of the tool
storing section 2 via the brackets 21, 22 at the both ends.
[0137] Onto this stocker t for short tools, as illustrated,
for example, there are mounted four pieces of short tools
with length (x-direction) of 15 mm, ID number 1 to 4; four
pieces of short tools with 20 mm, ID number 5 to 8; three
pieces of short tools with 25 mm, ID number 9 to 11; one
piece of short length metal mold with 30mm, ID number
12; one piece of short tool with 50 mm, ID number 13;
one piece of short tool with 60 mm, ID number 14; and
one piece of short tool with 80 mm, ID number 15, re-
spectively.

[0138] That is, onto stocker t for short tools, there are
mounted shorttools with larger ID number closer to upper
table 12; shorttools with smaller ID number far from upper
table 12, respectively.

[0139] The description above is associated with con-
figuration of the tool storing section 2 (Fig. 10) at punch
side, stockers h1, h2, and h3 for long tools at punch side
and stocker t for short tools (Fig. 13), but ditto for the tool
storing section 3 (Fig. 11) at die side.

[0140] Also, for the description hereinafter, to simplify
description, tools at punch side (especially punch tool in
Aregion) stored in the tool storing section 2 (Fig. 10) will
be described in detail, but ditto for tools in other B to D
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regions, or die tools stored in the tool storing section 3
(Fig. 11).

[0141] With this configuration, conventionally, for both
stockers h1 (Fig. 12), h2, and h3 for long tools, and stock-
er t for short tools (Fig. 13), as already described (Fig.
25), tools with smaller ID number were frequently used,
and therefore number of uses was unbalanced.

[0142] Inthe presentinvention, a method as illustrated
in Fig. 19 and a method as illustrated in Figs. 21, 22 as
described later are implemented, thereby averaging of
numbers of uses of tools can help to achieve uniformity
of wear condition of tools, in a state where numbers of
uses of tools are grasped, through a system, as described
later, to count numbers of uses of each tool that actually
bent a workpiece (Fig. 14 to Fig. 17), or through a con-
ventional system, which is disclosed in already men-
tioned JP-A-610 99529, to count numbers of uses of tools
in proportional to number of operations of a ram.

[0143] NCapparatus 20 (Fig.9) ofapress brake having
the abovementioned configuration includes CPU20a, in-
put/output means 20B, memory means 20C, machining
information determining means 20D, number of uses of
tool detecting means 20E, tool rearranging means 20J,
total sum of number of uses of tools calculating means
20K, and tool stocker selecting means 20H.

[0144] CPU24A performs overall control of the entire
apparatus as illustrated in Fig. 1 including machining in-
formation determining means 20D, number of uses of
tool detecting means 20E, tool rearranging means 20J,
in accordance with operating procedure (for example,
corresponding to Fig. 18) for implementing the present
invention.

[0145] The input/output means 20B constitutes an op-
erating panel attached to the press brake, and has input
means such as a keyboard, and output means such as
a screen, as is well known, and allows product informa-
tion or the like to be input, for example, manually or au-
tomatically using this operating panel 20B, and allows
input results to be confirmed on the screen.

[0146] Inthis case, productinformation s, similarly, for
example, CAD (Computer Aided Design) information,
and includes information such as plate thickness, mate-
rial, bend line length, bending angles, flange dimensions,
etc. of a workpiece W (Fig. 14), and these are organized
as three-dimensional appearance view, and expansion
view.

[0147] The memory means 20C (Fig. 9) stores pro-
grams for implementing the present invention, as well as
storing information necessary for processing, as data-
base 20C1, such as tools, tool layouts, work positions,
other D values, L values for each bending sequence that
machining information determining means 20D as de-
scribed later has determined (Fig. 16).

[0148] Also, the memory means 20C (Fig. 9) stores, a
region (e.g., Fig. 17) where actual numbers of uses of
long tools, short tools stored in tool storing sections 2
(Fig. 10), 3 (Fig. 11) as described previously are accu-
mulated, as a tool storage database 20c2.
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[0149] Machining information determining means 20D
(Fig. 9) determines bending sequences (1), (2), (3), and
(4), based on product information input via the input/out-
put means 20B, as well as determining tools that bend a
workpiece W for each bending sequence and tool layouts
a, b, ¢, and d, work positions (right-left direction), other
D values, L values, etc. (Steps 101 and 102 in Fig. 18).
[0150] Forexample, asillustratedin Fig. 14, bend lines
m1, m2, m3, and m4 portions of a flat workpiece W are
subjected to bend processing in the sequence of (1), (2),
(3), and (4), and finally, as illustrated in the figure, a prod-
uct with flanges F1, F2, F3, and F4 being erected is ma-
chined (e.g. as disclosed in WO98/01243 (particularly
Fig. 3 to Fig. 5)).

[0151] For the workpiece W (Fig. 14) in this case, Fig.
15 illustrates relationship between work positions for
each of bending sequences (1), (2), (3), and (4), when
machining information determining means 20D (Fig. 9)
determines bending sequences or the like and each of
work stations ST1, ST2, and Fig. 16 illustrates the results
of the determinations, respectively.

[0152] InFig. 15, work stations ST1, ST2 are provided.
[0153] The work station ST1 includes, for example,
tools with ID number 1 to 4 stored in a stocker h1 for long
tools (Fig. 12) with cross-sectional shape of A (Fig. 10)
at punch side, and similarly, tools with ID number 12
stored in a stocker t for short tools (Fig. 13).

[0154] Also, the work station ST2 includes, similarly,
tools with ID number 5 to 6 stored in a stocker h1 for long
tools (Fig. 12), and tools with ID number 13, 1 stored in
a stocker t for short tools (Fig. 13).

[0155] Insuch work stations ST1 (Fig. 15) ST2, a work-
piece W is bent such that, bend lines m1, m2, m3, and
m4 portions having bend lengths L1, L2, L3, and L4 as
illustrated for each of bending sequences (1), (2), (3),
and (4) be bent at predetermined positions X1, X2, X3,
and X4, and in this case, tools that constitute each of tool
layouts a, b, ¢, and d are used.

[0156] For example, all the tools that make up tool lay-
out a in work station ST1 are used, because bend line
m1 portion is bent in bending sequence (1).

[0157] In this case, actual uses of tools can be found
from the actual bending of a workpiece W with relevant
tools (tools have come contact with workpiece W, or tools
have received reaction force from the work piece W).
[0158] For example, when a worker holds a foot pedal
7 down (Fig. 7), it activates hydraulic cylinders 14, 15,
thereby a ram 12 descends, and when a tool comes into
contact with the workpiece W, or receives reaction force
from the workpiece W, then the readings of pressure
gauges 5, 6 connected to hydraulic cylinders 14, 15 will
rise.

[0159] Accordingly, when a detecting element 20c3
detects change in readings of the pressure gauges 5, 6,
relevant tool is regarded to have been used, for example,
in the case of bending sequence (1) (Fig. 15), each of
long tools with ID number 1, 2, 3, and 4, and short tool
with ID number 12 is used one time along with operation
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of a ram 12, via an adder 20c4 (Fig. 1), so that "1" is
added to a relevant region of the tool management da-
tabase 20c2 (Fig. 17) via the adder 20c4 (Fig. 9).
[0160] In this case, which tools have been used for
each of bending sequences (1), (2), (3), and (4) can be
found from tool layouts a, b, ¢, and d (corresponds to o
marks in Fig. 16) that have been determined by machin-
ing information determining means 20D (Fig. 9) based
on Fig. 15 as described previously.

[0161] The adder 20c4 can detect which tool has been
used, while monitoring the machining information data-
base 20c1, each time when a detection signal is received
from the detecting element 20c3. Accordingly, the adder
20c4 (Fig. 9) adds "1" to relevant region of tool manage-
ment database 20c2 (Fig. 17), as described previously.
[0162] In this case, as will be apparent from Fig. 15,
there are not only the cases where bend line portion of
workpiece W comes into contact with total length of each
tool (e.g. bending sequences (1), (3), (4)), but also the
cases where workpiece W contacts substantially one half
(1/2) of total length (e.g., in bending sequence (2), bend
length m2 portion is in contact with substantially on half
(1/2) of long tool of ID number 2), and "1" can be assigned
to all numbers of uses for these cases.

[0163] InFig. 15, however, in the case where bend line
portion of work piece W as described previously contacts
substantially one half (1/2) of total length of tool (case of
bending sequence (2)), 0.5 may be assigned to the
number of use, and further "0" may be assigned (regard-
ed as non-used).

[0164] In this way, the procedure how to count num-
bers of uses of tools is arbitrary, and thus a worker can
preset it.

[0165] For example, at a stage when machining infor-
mation such as tool layout has been determined (Step
102 in Fig. 18), a worker can set the procedure how to
measure the numbers of uses of tools to the adder 20c4
via the input/output means 20B (Fig. 9), prior to starting
of machining.

[0166] Number of uses of tool detecting means 20E
(Fig. 9) detects numbers of uses of respective tools, re-
ferring to tool storage database 20c2.

[0167] The tool storage database 20c2 (Fig. 17) in this
case is a region where to accumulate numbers of times
that tools stored in tool storing section 2 (Fig. 10), 3 (Fig.
18) as described before were used for bending and is
provided in memory means 20c (Fig. 9).

[0168] This tool storage database 20c2 (Fig. 17), as
illustrated, has the same construction as the tool storing
sections 2, 3 (Fig. 10 to Fig. 13), and is provided with
regions where numbers of uses of each of tools in each
stocker are accumulated.

[0169] With this configuration, when a ram 12 (Fig. 9)
is operated, as described previously, "1" is added to pre-
determined number of use region of a tool storage data-
base 20c2 via a detecting element 20c3 and an adder
20c4.

[0170] Tool rearranging means 20J rearranges tools
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in each stocker in the increasing order of number of use.
[0171] Thatis, whenthe number of use of tool detecting
means 20E detects numbers of uses of respective tools,
referring to tool storage database 20c2 (Fig. 17), this tool
rearranging means 20F is supposed to reveal that, from
the results of detections, tools with the larger ID number
are used in the smaller number of times, whereas tools
with the smaller ID number are used in the larger number
of times (» marks in Fig. 25).

[0172] Thereby, the tool rearranging means 20J (Fig.
9) drives and controls tool storing sections 2, 3 and tool
exchange devices 2A, 3A, rearranges tools in the in-
creasing order of number of use, for example, as illus-
trated in Fig. 19.

[0173] Thatis, Fig. 19 is a method of rearranging tools
in stockers h1 (Fig. 12), h2, h3, h4, and t (Fig. 13) in the
increasing order of number of use.

[0174] In this case, first, stockers h1, h2, and h3 for
long tools in A region out of regions in tool storing section
2 (Fig. 10) are shifted in sequence to the side of an upper
table 12 (Fig. 19(A)), and subsequently all of tools with
ID numbers 1 to 21 are inserted into the upper table 12
side (Fig. 19 (A)), using tool exchange device 2A.
[0175] In this status, using the tool exchange device
2A (Fig. 9) again, the order of long tools with ID numbers
1 to 21 inserted into the upper table 12 side is changed,
and tools are rearranged such that to come closer to up-
per table 12 and ID numbers descend from 21 to 1 (Fig.
19(B)).

[0176] Also, in this stage, stockers h1, h2, and h3 for
long tools that have become empty, will be once returned
to original locations in tool storing section 2 (Fig. 10).
[0177] Next, stocker t for short tools in the A region out
of regions in the same tool storing section 2 (Fig. 10) is
shifted to the side of upper table 12 (Fig. 19(C)), and
subsequently tools are rearranged in the increasing order
of number of use using tool exchange device 2A (Fig. 9)
for each tool group with the same length.

[0178] For example, for tool group with ID numbers 1
to 4 (Fig. 19 (C)), tools are rearranged such as, in the
order of ID number 4 to 1 (Fig. 19 (D)).

[0179] Then, stocker t for short tools with rearranged
tools will be returned to original location of tool storing
section 2 (Fig. 10).

[0180] Finally (Fig. 19 (E)), longtoolsrearranged in the
order of ID numbers 21 to 1 that have remained in upper
table 12 side, will be shifted in sequence to empty stock-
ers h1, h2, and h3 for long tools that have been shifted
from tool storing section 2 (Fig. 10) to upper table 12 side
with seven tools for each stocker, using tool exchange
device 2A (Fig. 9), and subsequently retuned to original
location (Fig. 10).

[0181] The method in Fig. 19 is carried out, provided
that ram 12 (Fig. 9) is to be operated predetermined
number of times, that s, it is carried out on a regular basis
for each predetermined number of operations of ram 12
(YES of Step 105 to Step 106 in Fig. 18).

[0182] Also, the tool rearranging means 20F, as stated
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earlier, rearranges tools (Fig. 19), by driving and control-
ling the tool storing sections 2, 3 (Fig. 9) and tool ex-
change devices 2A, 3A (Fig. 9), and at the same time,
as illustrated in Fig. 20, rearrange the content of tool stor-
age database 20c2 as well.

[0183] Thatis, inFig. 20, as will be apparent from com-
paring with Fig. 17 before rearranging tools, arrangement
of tools in each of stockers h1, h2, and h3 is designed to
be completely identical to actual arrangement of tools
(the Fig. 19(D), Fig. 19(E)).

[0184] Further,alongwithit,in Fig. 20, numbers ofuses
are also rewritten, and the larger ID number, the less
used; the smaller ID number, the more used, and accord-
ingly, number of use of tools becomes smallerinthe order
of ID number 1 to 21.

[0185] For example, the number of use of tool with ID
number 21 in stocker h1 for long tools is the smallest,
whereas the number of use of tool with ID number 1 in
stocker h3 for long tools is the largest.

[0186] According to the present invention of the afore-
mentioned Fig. 19, the number of use of tools is averaged
(Fig. 25), compared with conventional, by rearranging
tools in increasing order of number of use, uniformity of
wear condition of tools is achieved due to the averaging,
so that it becomes possible to perform bend processing
with good integrated uniform accuracy.

[0187] On the other hand, total sum of number of uses
of tools calculating means 20K (Fig. 9) calculates the
total sum of numbers of uses of tools, for each stocker
(Fig. 21), and for each combination of tool groups (Fig.
22).

[0188] In addition, tool stocker selecting means 20H
(Fig. 9) selects, for example, a stocker that has the small-
est total sum of numbers of uses of tools calculated by
the total sum of number of uses of tools calculating means
20G.

[0189] That s, Fig. 21 and Fig. 22 illustrate a method
for selecting a stocker that has the smallest total sum of
numbers of uses of tools (Fig. 21), or a combination of
tool groups that have the smallest total sum of numbers
of uses of tools (Fig. 22), alternatively the both (Fig. 21,
Fig. 22), depending on predetermined lengths of tool lay-
outs of work station determined by already described ma-
chining information determining means 20D (Fig. 9).
[0190] In this case, for example, assume that a tool
layout with length of 470 mm as shown in Fig. 23 be
prepared.

[0191] First, similarly, the total sum of number of uses
of tools calculating means 20K calculates the total sums
of numbers of uses of tools S,4, S;,», and S5 for each of
stockers h1, h2, and h3, using tool management data-
base 20c2 of Fig. 24 where numbers of uses of respective
tools in stockers h1, h2, and h3 for long tools of, for ex-
ample, A region out of regions in tool storing section 2
(Fig. 10) are accumulated.

[0192] Forexample, as illustrated in Fig. 21, letting the
number of use of tool with ID number 1 stored in stocker
h1 (Fig.21 (C)) to be N4, and the like, the total sums of
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numbers of uses of tools S,4, Sy,», and S5 will be calcu-
lated as illustrated, for each of stockers h1, h2, and h3.
[0193] Then, in the case where the tool stocker select-
ing means 20H (Fig. 24) judges that the total sum of num-
bers of uses of tools S, 5 (Fig. 21 (A)) is the smallest, that
is, it judges that the total sum S5 is the smallest with
respect to a stocker h3 in which tools with larger ID
number are stored, the stocker h3 will be selected.
[0194] Following this, as already described (Fig.23), a
portion occupying 400 mm (100 mm x 4) out of tool layout
with length of 470 mm is prepared using long tools, for
example, with ID numbers 15 to 18 from the stocker h3.
[0195] Next, the total sum of number of uses of tools
calculating means 20K calculates the total sums of num-
bers of uses of tools C, (Fig. 22), C,, C5, and C, for each
combination of tool groups stored in the stocker t, using
tool storage database 20c2 in Fig. 24 where numbers of
uses of respective tools in stocker t for short tools of the
A region out of the same tool storing section 2 (Fig. 10)
are accumulated.

[0196] As stated previously, in the case of preparing
tool layout with a length of 470 mm (Fig. 23), there are
four cases, as illustrated in Fig. 14, as combinations of
short tools occupying the length of 70 mm.

[0197] For example, in the case of a third combination
(15mm + 15mm + 20mm + 20mm) as illustrated in Fig.
22(C), letting numbers of uses of tool groups with ID num-
bers 1 to 4 (15mm) to be N4, 4, numbers of uses of tool
groups with ID numbers 5 to 8 to be N, g, total sum of
numbers of uses of tools, as illustrated, will be C5, and
like that, then the total sum of number of uses of tools
calculating means 20G calculates all four cases of total
sums of numbers of uses of tools, C4, Cy, C3, and Cy.
[0198] Then, if tool stocker selecting means 20H judg-
es that total sums of numbers of uses of tools C, is the
smallest number (at minimum), that is, if it judges that
the total sum C, is the smallest number with respect to
a first combination (Fig. 22(A)), the first combination will
be selected.

[0199] Further, as previously mentioned (Fig. 23), in
the case where tool layout with length of 470mm is pre-
pared, short tools of tool group with ID numbers 5 to 8
(20mm) that constitute this first combination (Fig. 22 (A)),
and short tools of tool group (comprised of single tool in
this case) with ID number 13 (50mm) are used one piece
for each group, respectively.

[0200] In this case, as stated previously, first, only long
tools with ID numbers 15 to 18 (Fig. 23) are inserted into
upper table 12 side (more specifically, punch holder 30
side), and subsequently long tools with ID numbers 16
to 18 are shifted to left side (corresponds to Fig. 26(B)),
and clearance enough to accommodate short tools is
formed, and following that, short tools with ID number 5
(Fig. 23) and 13 are inserted into this clearance (corre-
sponds to Fig. 26 (C)), if short tools with the ID number
5 and 13 are gathered together to the left side (corre-
sponds to Fig. 26 (D)), then tool layout of Fig. 23 will be
prepared.



25 EP 1 925 374 B1 26

[0201] The above-mentioned method of Fig. 21 and
Fig. 22 will be always carried out (Step 107 to Step 109
in Fig. 18), in the case where predetermined tool layout
(Fig. 23) is to be prepared.

[0202] The example as described above, as illustrated
in Fig. 23, represents a case where tool layout with length
of 470mm is prepared, and since four pieces of long tools
of 100mm and one piece each for short tools of 20mm,
50mm are required, then the tool stocker selecting means
20H selected the both stocker h1 (Fig. 21) for long tools
that has the smallest number of use of tools and a first
combination of short tool group (e.g., Fig. 22 (B)).
[0203] However, for example, in the case where tool
layout with length of 200mm is prepared (two pieces of
long tools with 100mm length are required), only stocker
h1 (or h2, h3) for long tools that has the smallest number
of use of tools is selected.

[0204] Also, for example, in the case where tool layout
with length of 70mm is prepared (each one piece of short
tools with 20mm and 50mm lengths are required), only
combination of tool group that has the smallest number
of use of tools is selected.

[0205] Accordingtothe presentinvention of the above-
mentioned Fig. 21, Fig. 22, the number of use of tools is
averaged (Fig. 25), compared with conventional, by se-
lecting the stoker with the lowest total sum of numbers
of uses of tools or combination of tool groups, or the both,
and uniformity of wear condition of tools is achieved due
to the averaging, so that it becomes possible to perform
bend processing with good integrated uniform accuracy.
[0206] Hereinafter, the operation of the Second and/or
third alternative of the Invention having the afore-men-
tioned configuration will be described based on Fig. 18.
(1) Operation before machining information is deter-
mined.

[0207] In Step 101 in Fig. 18, product information is
input, and in Step 102, bending sequences, tools, tool
layouts, work positions, etc. will be determined. That is,
CPU20A (Fig. 9), detecting that product information has
beeninput viainput/outputmeans 20B, determines bend-
ing sequences, tools, tool layouts a, b, ¢, and d, work
positions, etc. via machining information determining
means 20D, and subsequently causes memory means
20c (Fig. 9) to store these machining information as da-
tabase (Fig. 16). (2) Operation to judge whether the first
method or the second method.

[0208] Judgment whether the first method or the sec-
ond method is made in Step 103 of the Fig. 18. That is,
when detecting that machining information has been de-
termined by machining information determining means
20D, CPU20A (Fig. 9) judges whether to implement the
first method after this (method for arranging tools of Fig.
19) or to implement the second method (method for se-
lecting tool stockers of Fig. 21, Fig. 22).

[0209] Then, for example, if a worker manipulates key-
board, or the like of operating panel 20B, to display on a
screen whether the first method or the second method,
then based on this display, CPU20A (Fig. 9) judges
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whether a method that should be implemented is the first
method (Fig. 19) or the second method (Fig. 21, Fig. 22).

(3) Operation of the first method.

[0210] Inthe case of havingjudged thatthe first method
to be implemented in Step 103 of Fig. 18, CPU20A counts
numbers of uses of tools along with bend processing in
Step 104; judges whether or not number of operations
of ram 12 has reached a predetermined value in Step
105; in the case of having reached (YES), rearranges
tools in the increasing order of number of use in Step 106.
[0211] Thatis, inthe case where CPU20A (Fig. 9) judg-
es that the first method (Fig. 19) to be implemented, it
causes detecting element 20c3 (Fig. 9) and adder 20c4
to count numbers of uses of tools, as well as causing tool
storage database 20c2 (Fig. 9) to accumulate the num-
bers of uses.

[0212] Then, CPU20A (Fig. 9), when judging via de-
tecting element 20c3 that number of operations of ram
12 has reached a predetermined value, activates metal
mold detecting means 20E and metal mold rearranging
means 20J to rearrange tools in the increasing order of
number of use, as described previously (Fig. 19). (4) Op-
eration of the second method.

[0213] In the case of having judged that the second
method to be implemented in Step 103 of Fig. 18,
CPU20A calculates total sums of numbers of uses of
tools in Step 107, selects a stocker that has the smallest
total sum of numbers of uses of tools or a combination
of tool groups or the both thereof in Step 108, prepares
tool layout in Step 109, and performs bend processing
in Step 110.

[0214] Thatis, CPU20A (Fig. 9), when judging that the
second method (Fig. 21, Fig. 22) to be implemented, cal-
culates total sums of numbers of uses of tools S, 4, Sy,
Sz and so on, as already mentioned, for each of stockers
h1, h2, and h3, via total sum of number of uses of tools
calculating means 20K (Fig. 9), depending on length of
tool layout (e.g., Fig. 23), and further, selects a stocker
that has the smallest total sum of number of use of tool,
or the like via tool stocker selecting means 20H (Fig. 9).
[0215] Following this, CPU20A (Fig. 9) prepares tool
layout with predetermined length (e.g., Fig. 23) using
tools stored in the afore-mentioned selected stocker or
the like, by operating tool storing sections 2, 3 and tool
exchange devices 2A, 3A, and subsequently performs
bend processing by operating hydraulic cylinders 14, 15

(Fig. 9).
Industrial Applicability

[0216] The First alternative of the Invention carries out
proper tool management by measuring numbers of uses
ofindividual tools that were actually bent, as well as being
utilized for bending apparatus that performs bend
processing with good integrated uniform accuracy, and
finds applicability not only in automatic operation scheme
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in which mounting of tools that constitute work station
onto upper table and lower table, accumulation of num-
bers of uses of tools are automatically performed respec-
tively, but also manual operation scheme in which mount-
ing of the tools and accumulation of numbers of uses of
tools are manually performed respectively, and further
for a scheme of displaying numbers of uses of relevant
predetermined tools too, is applied not only to the case
of displaying on a screen of an operating panel, but also
to the case where a worker depresses a number-of-use
confirmation button, thereby manually displaying on a
screen of operating panel, and still further, finds applica-
bility in the cases of not only a punch but also a die, as
well as being applied not only to descending type press
brake (Fig. 9) but also to ascending type press brake in
which lower table 13 serving as ram is caused to ascend,
so that workpiece W be bent with the punch P and die
D, which proves to be extremely effective.

[0217] In addition, the Second and/or third alternative
ofthe Invention is utilized for bending apparatus that per-
forms bend processing with good integrated uniform ac-
curacy by achieving uniformity of wear condition of tools,
and specifically, finds applicability not only in method for
arranging tools (Fig. 19) to be performed on a regular
basis in which tools are rearranged in the increasing order
of number of use when number of operations of ram
reaches a predetermined value, but also to method for
selecting tool stockers (Fig. 21, Fig. 22) in which a stocker
that has the smallest total sum of numbers of uses of
tools or the like is selected, which is performed without
fail when preparing a predetermined tool layout (Fig. 23),
and further, finds applicability in the cases of not only
punch but also die, and still further, is applied not only to
descending type press brake (Fig. 9) but also to ascend-
ing type press brake in which lower table 13 serving as
ram is caused to ascend, so that workpiece W be bent
with punch P and die D, and moreover, for counting
scheme of numbers of uses of tools, finds applicability
not only in a scheme for counting numbers of uses of
each tool that actually bends workpiece according to the
presentinvention (Fig. 14 to Fig. 17), butalsoin ascheme
for counting numbers of uses of tools in proportional to
operations of ram, as disclosed in aforementioned con-
ventional JP-A-61099529, which proves to be extremely
effective.

Claims

1. A bending apparatus (1) for bending a workpiece
(W) using a pair of tools comprised of a punch (P)
mounted onto an upper table (12) and a die (D)
mounted onto a lower table (18) by operation of a
ram consisting of the upper table (12) or the lower
table (18), characterized in that the apparatus (1)
comprising:

a machining information determining means
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(20D) for determining bending sequences ((1),
(2), (3), (4)), based on product information, as
well as determining tools (P, D) and tool layouts
(a, b, c, d) for each of the bending sequences
(1), (2), (3), (4)), and work positions (X1, X2,
X3, X4);

a tool management database (20C2) for accu-
mulating numbers of uses of each tool that ac-
tually bent the workpiece (W) along with opera-
tion of the ram, based on the determined work
positions, tools and tool layouts;

a number of uses of tool detecting means (20E)
for detecting number of uses of each mounted
tool, referring to the tool management database
(20C2); and

a displaying means (20F) for displaying number
of uses of relevant predetermined tool, when the
detected number of uses of each tool becomes
equal or approximate to a durable number of
uses (G100, G50, G30; and G15), or when a
display command signal is input from a worker
side.

A bending apparatus (1) having a tool storing section
(2, 3) for storing a pair of tools comprised of a punch
(P) and a die (D) via a stocker (h1, h2, h3, t), char-
acterized in that the apparatus comprising:

a number of uses of tool detecting means (20E)
for detecting number of uses of tools within each
stocker (h1, h2, h3, t); and

a tool rearranging means (20J) for rearranging
the tools within each stocker (h1, h2, h3,t) in a
predetermined order, based on the detected
number of uses of tools.

The bending apparatus (1) according to claim 2,
wherein the tool rearranging means (20J) rearrang-
es the tools within each stocker (h1, h2, h3, t) in an
increasing order of number of uses.

A bending apparatus (1) having a metal mold storing
section (2, 3) for storing a pair of tools comprised of
a punch (P) and a die (D) via a stocker (h1, h2, h3,
t), characterized in that the apparatus (1) compris-
ing:

atotal sum of number of uses of tools calculating
means (20K) for calculating total sum of num-
bers of uses of tools for each stocker (h1, h2,
h3, t), for each combination of tool groups, or for
each of the both; and

a tool stocker selecting means (20H) for select-
ing a predetermined stocker (h1, h2, h3, t), a
combination of predetermined tool groups, or
the both, based on the calculated total sum of a
number of uses of tools.
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The bending apparatus (1) according to claim 4,
wherein the tool stocker selecting means (20H) se-
lects a stocker (h1, h2, h3, t) for which the calculated
total sum of numbers of uses of tools is the lowest
number, a combination of tool groups for which the
calculated total sum of numbers of uses of tools is
the lowest number, or the both.

Patentanspriiche

1.

Biegevorrichtung (1) zum Biegen eines Werkstlicks
(W) unter Verwendung eines Paars von Werkzeu-
gen, gebildet aus einem Stempel (P), der an einem
oberen Tisch (12) angebracht ist, und einer Matrize
(D), die an einem unteren Tisch (18) angebracht ist,
durch Betatigung eines Druckkolbens, der aus dem
oberen Tisch (12) oder dem unteren Tisch (18) be-
steht, dadurch gekennzeichnet, dass die Vorrich-
tung (1) folgendes aufweist:

eine Bearbeitungsinformations-Bestimmungs-
einrichtung (20D) zum Bestimmen von Biege-
sequenzen ((1), (2), (3), (4)) basierend auf Pro-
duktinformation sowie zum Bestimmen von
Werkzeugen (P, D) und von Werkzeug-Layouts
(a, b, c, d) fir jede der Biegesequenzen ((1), (2),
(3), (4)) und von Arbeitspositionen (X1, X2, X3,
X4);

eine Werkzeugmanagement-Datenbank
(20C2) zum Akkumulieren von Anzahlen von
Verwendungen jedes Werkzeugs, das das
Werkstiick (W) zusammen mit der Betatigung
des Druckkolbens tatsachlich bog, basierend
auf den bestimmten Arbeitspositionen, Werk-
zeugen und Werkzeug-Layouts;

eine Werkzeugverwendungsanzahl-Erfas-
sungseinrichtung (20E) zum Erfassen einer An-
zahl von Verwendungen jedes angebrachten
Werkzeugs unter Bezugnahme auf die Werk-
zeugmanagement-Datenbank (20C2); und
eine Anzeigeeinrichtung (20F) zum Anzeigen ei-
ner Anzahlvon Verwendungen eines relevanten
vorbestimmten Werkzeugs, wenn die erfasste
Anzahl von Verwendungen jedes Werkzeugs
gleich oder annahernd einer dauerhaften An-
zahl von Verwendungen wird (G100, G50, G30;
und G15) oder wenn ein Anzeigebefehlssignal
von einer Arbeiterseite aus eingegeben wird.

Biegevorrichtung (1) mit einem Werkzeug-Speiche-
rungsabschnitt (2, 3) zum Speichern eines Paars von
Werkzeugen, gebildet aus einem Stempel (P) und
einer Matrize (D), Uber einen Beftller (h1, h2, h3, t),
dadurch gekennzeichnet, dass die Vorrichtung (1)
folgendes aufweist:

eine Werkzeugverwendungsanzahl-Erfas-
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sungseinrichtung (20E) zum Erfassen einer An-
zahlvon Verwendungen von Werkzeugeninner-
halb jedes Befiillers (h1, h2, h3, t); und

eine Werkzeugneuanordnungseinrichtung
(20J) zum Neuanordnen der Werkzeuge inner-
halb jedes Befiillers (h1, h2, h3, t) in einer vor-
bestimmten Reihenfolge basierend auf der er-
fassten Anzahl von Verwendungen von Werk-
zeugen.

Biegevorrichtung (1) nach Anspruch 2, wobei die
Werkzeugneuanordnungseinrichtung (20J) die
Werkzeuge innerhalb jedes Befillers (h1, h2, h3, t)
in einer anwachsenden Reihenfolge einer Anzahl
von Verwendungen neu anordnet.

Biegevorrichtung (1) mit einem Metallformenwerk-
zeugSpeicherungsabschnitt (2, 3) zum Speichern ei-
nes Paars von Werkzeugen, gebildet aus einem
Stempel (P) und einer Matrize (D), Uiber einen Be-
fuller (h1,h2, h3,t), dadurch gekennzeichnet, dass
die Vorrichtung (1) folgendes aufweist:

eine  Werkzeugverwendungsanzahl-Gesamt-
summenberechnungseinrichtung (20K) zum
Berechnen einer Gesamtsumme von Anzahlen
von Verwendungen von Werkzeugen fir jeden
Befiller (h1, h2, h3, t), fir jede Kombination von
Werkzeuggruppen oder flr jedes der beiden,
und

eine Werkzeugbefiller-Auswahleinrichtung
(20H) zum Auswahlen eines vorbestimmten Be-
fullers (h1, h2, h3, t), einer Kombination von vor-
bestimmten Werkzeuggruppen oder der beiden
basierend auf der berechneten Gesamtsumme
einer Anzahl von Verwendungen von Werkzeu-
gen.

Biegevorrichtung (1) nach Anspruch 4, wobei die
Werkzeugbefiller-Auswahleinrichtung (20H) einen
Befiiller (h1, h2, h3, t), fir den die berechnete Ge-
samtsumme von Anzahlen von Verwendungen von
Werkzeugen die niedrigste Anzahl ist, eine Kombi-
nation von Werkzeuggruppen, fiir die die berechnete
Gesamtsumme von Anzahlen von Verwendungen
von Werkzeugen die niedrigste Anzahl ist, oder die
beiden auswahit.

Revendications

Appareil de cintrage (1) destiné a cintrer une piéce
a usiner (W) en utilisant une paire d’outils constituée
d’un poingon (P) monté sur une table supérieure (12)
et d’'une matrice (D) montée sur une table inférieure
(18) en actionnant un coulisseau constitué delatable
supérieure (12) ou de la table inférieure (18), carac-
térisé en ce que 'appareil (1) comprend :
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un moyen de détermination d’informations d’usi-
nage (20D) destiné adéterminer des séquences
de cintrage ((1, (2), (3), (4)) sur la base d’infor-
mations relatives au produit, ainsi qu’a détermi-
ner des outils (P, D) et des schémas d’outil (a,
b, ¢, d) pour chacune des séquences de cintrage
((1, (2), (3), (4)) et des positions d'usinage (X1,
X2, X3, X4),

une banque de donnée de gestion des outils
(20C2) pour accumuler le nombre d’utilisations
de chaque outil, qui a effectivement cintré la pie-
ce (W) avec un actionnement du coulisseau, sur
la base des positions d’usinage, des outils et
des schémas d’outil déterminés,

un nombre d’utilisations d’'un moyen de détec-
tion d’outil (20 E) destiné a détecter le nombre
d’utilisations de chaque outil monté par rapport
a la banque de données de gestion des outils
(20C2) et

un moyen d’affichage (20F) destiné a afficher le
nombre d’utilisations de I'outil prédéterminé per-
tinent, lorsque le nombre d'utilisations détecté
de chaque outil devient égal @ un nombre d’uti-
lisations durable (G100, G50, G30 et G15) ou
s’approche de celui-ci ou lorsqu’un signal de
commande d’affichage est entré depuis un coté
opérateur.

Appareil de cintrage (1) ayant une section de stoc-
kage d’outil (2, 3) destiné a stocker une paire d’outils
constituée d’'un poingon (P) et d’'une matrice (D) via
un chargeur (h1, h2, h3, t), caractérisé en ce qu’il
comprend :

un nombre d’utilisations du moyen de détection
d'outil (20E) destiné a détecter les nombres
d’utilisations des outils a l'intérieur de chaque
chargeur (h1, h2, h3, t), et

un moyen de réarrangement d’outil (20J) desti-
né aréarranger les outils a l'intérieur de chaque
chargeur (h1, h2, h3, t) dans un ordre prédéter-
miné sur la base des nombres d’utilisations
d’outil détectés.

Appareil de cintrage (1) suivant la revendication 2,
dans lequel le moyen de réarrangement (20J) réar-
range les outils a l'intérieur de chaque chargeur (h1,
h2, h3, t) dans un ordre croissant des nombres d’uti-
lisations.

Appareil de cintrage (1) ayant une section de stoc-
kage a moule métallique (2, 3) pour stocker une paire
d’outils constituée d’un poingon (P) et d’'une matrice
(D) via un chargeur (h1, h2, h3, t), caractérisé en
ce qu’il comprend :

une somme totale des nombres d’utilisations
d’'un moyen de calcul d’outil (20K) destiné a cal-
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culer la somme totale des nombres d’utilisations
d’outil pour chaque chargeur (h1, h2, h3, t), pour
chaque combinaison de groupes d’outils ou
pour chacun des deux, et

un moyen de sélection de chargeur d’outils (20)
destiné a sélectionner un chargeur prédétermi-
né (h1, h2, h3, t), une combinaison de groupes
d’outils prédéterminés ou les deux sur la base
de la somme totale calculée des nombres d’uti-
lisations d’outil.

Appareil de cintrage (1) suivant la revendication 4,
dans lequel le moyen de sélection de chargeur
d’outils (20H) sélectionne un chargeur (h1, h2, h3,
t), pour lequel la somme totale calculée des nombres
d’utilisations d’outil est le nombre le plus faible, une
combinaison de groupes d’outils, pour lesquels la
somme totale des nombres d’utilisations d’outil est
le nombre le plus faible ou les deux.
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